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Abstract
Background: Little is known about the risk of progression to hazardous alcohol use in people currently drinking at safe
limits. We aimed to develop a prediction model (predictAL) for the development of hazardous drinking in safe drinkers.
Methods: A prospective cohort study of adult general practice attendees in six European countries and Chile followed up
over 6 months. We recruited 10,045 attendees between April 2003 to February 2005. 6193 European and 2462 Chilean
attendees recorded AUDIT scores below 8 in men and 5 in women at recruitment and were used in modelling risk. 38 risk
factors were measured to construct a risk model for the development of hazardous drinking using stepwise logistic
regression. The model was corrected for over fitting and tested in an external population. The main outcome was hazardous
drinking defined by an AUDIT score $8 in men and $5 in women.
Results: 69.0% of attendees were recruited, of whom 89.5% participated again after six months. The risk factors in the final
predictAL model were sex, age, country, baseline AUDIT score, panic syndrome and lifetime alcohol problem. The predictAL
model’s average c-index across all six European countries was 0.839 (95% CI 0.805, 0.873). The Hedge’s g effect size for the
difference in log odds of predicted probability between safe drinkers in Europe who subsequently developed hazardous
alcohol use and those who did not was 1.38 (95% CI 1.25, 1.51). External validation of the algorithm in Chilean safe drinkers
resulted in a c-index of 0.781 (95% CI 0.717, 0.846) and Hedge’s g of 0.68 (95% CI 0.57, 0.78).
Conclusions: The predictAL risk model for development of hazardous consumption in safe drinkers compares favourably
with risk algorithms for disorders in other medical settings and can be a useful first step in prevention of alcohol misuse.
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Introduction
Hazardous drinking, defined as alcohol consumption that places
a person at risk of adverse health events, is a leading contributor to
the global burden of disease [1]. Prevalence in some populations is
as high as 29 per cent [2]. Hazardous drinking was defined in
terms of excessive consumption [21 drinks or more per week for
men (or $7 drinks per occasion at least 3 times a week), and 14
drinks or more per week for women (or $5 drinks per occasion at
least 3 times a week)] [2] or in terms of a score of 8 or over on the
Alcohol Use Disorders Identification Test (AUDIT) [3]. More
recent validation studies of the AUDIT, however, have recom-
mended tailored cut off points according to gender. The suggested
optimal cut off of AUDIT scores is $8 in males and $5 in women
[4].
Although we know a great deal about detection [5–7] and
approaches to treatment [8,9] of hazardous or dependent
drinking, we know much less about risk of progressing to
hazardous use in people currently drinking at safe limits. In
particular, although many risk factors are well recognised [10–13],
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effective prevention is hindered by lack of evidence about their
combined effect. Our objectives were to develop a risk model
(predictAL) for the future development of hazardous drinking in
safe drinkers attending European general practices and test its
predictive power in a non-European setting. We took the
approach of risk models developed to predict onset of cardiovas-
cular disease [14] and risk of major depression (predictD) [15],
both of which provide a percentage risk estimate over a given time
period.
Methods
Study setting and design
To develop the predictAL model we used data from a
prospective cohort of general practice attenders which had been
established to develop a risk model (predictD) for the
development of major depression[15,16]. The research was
approved in the lead centre (UK) by the South East Multi-centre
Research Ethics Committee and by key ethical committees in
each of the other centres. The study was conducted in six
European countries: 1) 25 general practices in the Medical
Research Council’s General Practice Research Framework, in
the United Kingdom; 2) nine large primary care centres in
Andalucı́a, Spain; 3) 74 general practices nationwide in Slovenia;
4) 23 general practices nationwide in Estonia; 5) seven large
general practice centres near Utrecht, The Netherlands; and 6)
two large primary care centres in the Lisbon area of Portugal.
We assessed the external validity of the risk model in patients
attending 78 doctors in 10 general practice centres in Concep-
ción and Talcahuano in the Eighth region of Chile. General
practices covered urban and rural populations with considerable
socio-economic variation.
Study participants
General practice attenders aged 18 to 75 were recruited in
Europe between April 2003 and September 2004 and in Chile
between October 2003 and February 2005. Exclusion criteria
were an inability to understand one of the main languages
involved, psychosis, dementia and incapacitating physical illness.
Recruitment differed slightly in each country because of local
service preferences. In the UK and the Netherlands, researchers
spoke to patients directly while they waited to see practice staff. In
remaining European countries doctors introduced the study to
patients before they saw the researchers. In Chile attenders were
stratified on age and gender according to figures for the
populations served by each health centre and participants selected
randomly within each stratum. Participants gave informed consent
and undertook a research evaluation within two weeks. All
assessments at baseline and both follow-up points were conducted
by face-face interview at the practices or in respondents’ homes.
Measurement of hazardous drinking and associated risk
factors
Alcohol use in the preceding six months was assessed using the
AUDIT [17], a tool for detection of alcohol use disorders in
general practice [7]. It is a widely used and well validated
instrument that contains 10 questions about use of, and attitudes
to, alcohol consumption over the preceding six months. We
defined hazardous drinking on AUDIT scores of 8 or more in men
and 5 or more in women [4].
Few studies have attempted to measure key risk factors for the
development of hazardous drinking in abstinent or safe drinkers.
In our establishment of the predict cohort, we measured a wide
range of risk factors that were known to be associated with the
onset of major depression [15]. The fact that many of these
medical, psychological and social factors are also known to be
associated with alcohol misuse in the literature [10,11,11,18,19],
also made it possible for us to model risk of hazardous drinking.
Where possible, in the predict study we used standardised
measures. Questions taken or adapted from published question-
naires or developed for the study were evaluated for test-retest
reliability in 285 general practice attendees recruited equally
across the European countries before the main study began [16].
Each instrument or question not available in the relevant
languages was translated from English and back-translated by
professional translators [16]. The 38 candidate risk factors are
listed numerically as RF1–38. Those subjected to test-retest
reliability are shown in italics; agreement was high [16].
N Age (RF1), sex (RF2), occupation (RF3), educational level
(RF4), marital status (RF5), employment status (RF6), ethnicity
(RF7), living alone or with others (RF8), born in country of
residence or abroad (RF9) and long standing physical illness
(RF10).
N A DSMIV diagnosis of major depression in the preceding six
months was made using the Depression Section of the
Composite International Diagnostic Interview (CIDI) (RF11)
[20,21].
N Life-time depression was based on affirmative answers to both
of the first two questions of the CIDI depression section
(RF12).
N Stress in paid and unpaid work in the preceding six months using questions
from the job content instrument [22]. Participants were categorised as
feeling in control in paid work (RF13) or unpaid work (RF14); as
experiencing difficulties without support in paid or unpaid work (RF15);
and experiencing distress without feeling respect for their paid or unpaid
work (RF16).
N Financial strain using a question used in UK government
social surveys(RF17) [23].
N Besides the 10 AUDIT questions we asked whether partici-
pants had ever had problems with drinking too much alcohol
or had ever received treatment for an alcohol problem (RF18).
N AUDIT score at baseline (RF19). Binge drinking at baseline
was taking from responses to question three of the AUDIT.
Binge drinking was defined as ‘‘having six or more drinks on
one occasion’’ at least monthly (RF20).
N Self-rated physical (RF21) and mental health (RF22) were
assessed by the Short Form 12 [24]. The weights used to
calculate scores are from version 1.
N Whether participants had ever used recreational drugs using adapted
sections of the CIDI (RF23).
N We asked whether participants currently smoked cigarettes,
cigars or a pipe (RF24). It was not possible to collect smoking
data in the Netherlands and Estonia (see statistical analysis
below).
N Questions on the quality of sexual (RF25) and emotional relation-
ships(RF26) with partners or spouses [25].
N Presence of serious physical, psychological or substance misuse problems, or
any serious disability, in people who were in close relationship to
participants (RF27).
N Difficulties in getting on with people and maintaining close relationships
(RF28) [26].
N Childhood experiences of physical and/or emotional (RF29)
and sexual abuse (RF30) [27].
N Holding religious and/or spiritual beliefs (RF31) [28].
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N History of serious psychological problems (RF32) or suicide in first-degree
relatives (RF33) [29].
N Anxiety (RF34) and panic symptoms (RF35) in the previous six
months using relevant sections of the Patient Health
Questionnaire (PHQ) [30].
N Major life events in the preceding six months (RF36), using the
List of Threatening Life Experiences Questionnaire [31].
N Experiences of discrimination (RF37) in the preceding six months on
grounds of sex, age, ethnicity, appearance, disability or sexual orientation
using questions from a European study [32].
N Adequacy of social support (RF38) from family and friends
[33].
Main outcome
All participants were re-evaluated after six months using the
AUDIT.
Statistical analysis
Data imputation. Missing data in all variables were imputed
using the method of chained equations, implemented in the Stata
command ice [34]. This involves using regression models to
determine plausible values for the missing data, starting with
variables that had the lowest percentage of missing data and
continuing until all variables are imputed. Continuous variables
were imputed using multiple linear regression. Dichotomous
variables were imputed using logistic regression and nominal
variables such as employment status, education status, control in
paid work, discrimination, problems with someone close,
satisfaction with emotional relationship with spouse or partner
were imputed using multinomial logistic regression. Number of life
events was imputed using ordered logistic regression. This process
was carried out ten times (cycles) resulting in one imputed dataset.
Then the whole process was repeated to give ten imputed datasets
to allow variability due to uncertainty of the exact values [35]. The
final imputation model consisted of all variables listed above (with
the exception of smoking status, the reasons for which are
explained later) as well as the outcome included as a continuous
score and then dichotomised before analysis. Each imputed
dataset was analysed separately and estimates were combined
using Rubin’s rules [36].
Preliminary steps. Before building the multivariable model
we undertook two preliminary steps. 1) Data on smoking history
was collected as an additional part of the original PREDICT
study. The cost incurred for this aspect of the data collection was
covered by funds obtained independently by each participating
centre but this was not possible in the Netherlands and Estonia.
We hence first analysed data from the four European countries
that were able to collect a smoking history as we believed this was
very likely to be an important predictor variable. However, when
current smoking (risk factor 24 above) showed no association with
development of hazardous drinking we dropped this risk factor
from the analysis. 2) A rule of thumb for estimating sample sizes
for developing prognostic models is that there should be at least 10
events for each variable entered in the model [37]. Thus, given the
event rate of hazardous drinking, we did not enter all 38 predictor
variables into the model. Instead, we first conducted a series of
univariable analyses to select out those variables that were not
significant at the p,0.1 level. The remaining variables were then
entered into the full multivariable model. These were AUDIT
score at baseline; age at baseline; SF12 physical health score; SF12
mental health score; sex; professional status; educational status;
marital status; employment status; living alone; lifetime alcohol
problem; ever used recreational drugs; satisfaction with sex life;
satisfaction with emotional relationship with spouse/partner;
physical or emotional child abuse; religious/spiritual beliefs;
presence of panic syndrome; binge drinking and country of
residence of each participant.
Model building. We developed our multivariable predictAL
model in the imputed data for safe or abstinent drinkers (male
AUDIT score #8 and females AUDIT score ,5) by examining
Figure 1. Flow chart of patients through the study.
doi:10.1371/journal.pone.0022175.g001
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